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Abstract 
 
 In recent years a pulse width of applied voltage has a 
strong influence on the energy efficiency of the removal 
of NO. Then the ns pulse generator which can output the 
5ns pulsed voltage was developed. Furthermore, the NO 
removal experiment was conducted using the ns pulse 
generator. As the results, the characteristics of the NO 
removal using the ns pulsed streamer discharge, the 
polarity of and the amplitude of applied voltage to the 
reactor has significant influence on the improvement of 
NO removal. On the other hands, it is clear that the longer 
length of and the smaller diameter of the coaxial 
discharge reactor give the higher NO removal ratio. The 
existence of O2 and water vapor in the gas was increased 
NO removal ratio. In the whole experiment, maximum 
energy efficiency of NO removal by ns pulsed streamer 
discharge reached 2.5 mol/kWh at 60% of NO removal 
ratio. 
 
I. Introduction 
 
 Nitrogen oxides are exhausted from fuel combustion 
and industrial processes. Nitrogen oxide (NOx), including 
nitrogen oxide (NO) and nitrogen dioxide (NO2) .The 
emission of NOx into the atmosphere is one of the factors 
responsible for acid rains and atmospheric photochemical 
smog. The conventional methods such as SCR method, 
Electron Beam method and Lime-gypsum method could 
not treat exhaust gases completely. In addition, SCR 
method requires strict operation conditions such as 
reaction temperature and gas compositions, and Electron 
Beam method requires high energy. Furthermore, the 
energy efficiency and the cost of the conventional way is 
still negative situation.  
In recent years, the pollution control techniques using 
electric discharge plasmas which could be attract attention 
as the low cost and high energy efficient exhaust gas 
treatment method, is widely studied. In our laboratory, 
pulsed streamer discharge plasma which is one of the 
non-thermal plasma has been used to treat exhaust gases. 
Since a pulse width of applied voltage has a strong 
influence on the energy efficiency of the removal of 
pollutants, the development of a short pulse generator is 
of paramount importance for practical applications. Then 
the ns pulse generator which can output the 5ns pulsed 
voltage was developed. Furthermore, the NO removal 
experiment was conducted using the ns pulse generator. 
As the results, the ns pulsed discharge has an advantage in 
energy efficiency for NO removal to sub-µs pulsed 
discharge. 
 In this work, characteristics of NO removal using the 
ns pulse streamer discharge was experimentally 
investigated with the amplitude of and the polarity of 
applied voltage. In addition, influence about the length of 
and the diameter of coaxial discharge reactor parameters 
with NO removal using ns pulse streamer discharge was 
investigated.  Furthermore, influence of O2 and water 
vapor NO removal was investigated. 
 
II. Experimental apparatus and procedure 
 
Fig. 1 shows the schematic diagram of the ns pulse 
generator used in this work. The ns pulse generator 
consists of a high-pressure spark gap switch as a low 
inductance self-closing switch, a triaxial Blumlein line as 
pulse-forming line, and a voltage transmission line from 
the Blumlein line to load. The spark gap switch was filled 
with SF6 gas, and the output voltage of ns pulse generator 
is regulated by varying the pressure of the SF6. The gap 
distance of the spark gap switch was fixed at 1 mm. The 
triaxial Blumlein line consists of an inner rod conductor, a 
middle cylinder conductor, and an outer cylinder 
conductor. All the conductors were made of brass. The 
outer conductor was grounded. The inner, the middle, and 
the outer conductors of the Blumlein line were placed 
concentrically. The inner conductor and the outer 
conductor are connected through a charging inductor. The 
Blumlein line and the transmission line are filled with 
transformer oil as insulation and dielectric medium. The 
middle conductor of the Blumlein line was charged by a 
charging circuit which consists of a dc source, a charging 
resistor, a capacitor, a thyratron switch (CX1685, E2V 
Technologies, Ltd., UK), and a pulse transformer, through 
the charging port. A capacitive voltage divider was 
mounted on the transmission line to measure the output 
voltage of the ns pulse generator. The output voltage 
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Figure 1. Schematic diagram of the ns pulse generator. 
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polarity of the ns pulse generator was controlled by the 
polarity of the charging voltage. The calculated 
inductance and capacitance of the triaxial Blumlein line 
were 322 nH/m and 76 pF/m, respectively, which give a 
characteristic impedance of 130 Ω. The length of the 
Blumlein line and the transmission line were 500 mm and 
200 mm, respectively. The calculated pulse duration of 
the triaxial Blumlein line was 5 ns. 
Fig. 2 shows a schematic diagram for NO removal 
experiment. The applied voltage to the electrode was 
varied by regulating the gas pressure of SF6 in the ns 
pulse generator from 0.1 to 0.3 MPa. Either positive or 
negative voltage polarity was applied to the rod electrode 
and measured by the capacitive voltage divider. The 
discharge current through the electrode was measured 
using a current monitor (Pearson current monitor, Model 
6585, Pearson Electronics Inc., USA), which was located 
on the inner rod of the transmission line. A digital 
oscilloscope (54855A Infiniium, Agelint Technologies, 
USA) with a maximum bandwidth of 6 GHz and a 
maximum sample rate of 20 G samples/sec recorded the 
voltage and current signals. A pressurized gas cylinder of 
standard N2 and N2 mixed with 1000 ppm of NO used in 
the experiment The coaxial cylindrical electrode having 
central tungsten wire, 0.5 mm in diameter, placed 
concentrically in a brass cylinder having 48.5, 76 and 95 
mm in internal diameter and a length of 210 and 810 mm 
were employed as pulsed streamer discharge reactor. A 
pulse repetition rate of 1 to 100 pulses per second (pps) 
was used. The concentrations of NO and NO2 were 
measured using a gas analyzer (MODEL42C, 
NO-NO2-NOx analyzer, THERMO), which was located at 
the gas outlet of the reactor, after a steady state at each 
pulse repetition rate. The gas analyzer is based on the 
method of chemiluminescence. 
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Figure 2. Schematic diagram for the NO removal 
experiment. 
 
III. Results and discussions 
 
A.    Dependences of peak voltage and voltage polarity 
on NO removal. 
Fig. 3 shows typical waveforms of (a) the applied 
voltage to and (b) the discharge current in the coaxial 
reactor. It is observed from Fig. 3, that the pulse width is 
approximately 5 ns for both polarities. Table.1 shows 
peak voltage and energy per pulse, which calculated from 
the voltage and current waveforms for different SF6 gas 
pressures, respectively. The peak applied voltage and 
energy per pulse were controlled by SF6 gas pressure. The 
positive and negative peak applied voltage for 0.1, 0.2, 
0.3 MPa are 37, 50, 72 kV and -37, -53, -76 kV, 
respectively. Energy per pulse also increased with the 
applied peak voltage increased. 
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Figure 3. Typical waveforms of the applied voltage to 
and the discharge current in the treatment of NO. 
 
Table 1. Peak voltage and peak energy for different SF6 
gas pressures. 
SF6 gas pressure, 
MPa 0.1 0.2 0.3 
Polarity + - + - + - 
Peak voltage, kV 37 -36 50 -53 72 -76
Energy, mJ/Pulse 7.5 7.5 17.3 18.0 37.7 41.0
 
Fig. 4 shows the dependence of the NO removal ratio 
on the pulse repetition rate for different peak voltage and 
polarity. The reactor having 76 mm in internal diameter 
and a length of 210 mm was used in this experiment. 
From Fig. 4, the NO removal ratio increased with 
increasing the pulse repetition ratio and increasing the 
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peak of applied voltage. This is because that the higher 
pulse repetition rate and peak voltage input more energy 
into the discharge reactor. In addition, positive pulse 
voltage gives higher NO removal ratio than that of 
negative one at the same repetition rate in the case of 
lower applied perk voltage (0.1 and 0.2 MPa of SF6 gas 
pressure). On the other hand, there are no changes 
between the NO removals by positive and negative pulse 
voltage in 0.3 MPa of SF6 gas pressure. From these facts 
it is demonstrated that positive pulse high voltage is more 
effective for NO removal than negative one. 
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Figure 4. Dependence of NO removal ratio on the pulse 
repetition rate for different peak voltage and polarity. 
 
B.  Dependence of reactor internal diameter on NO 
removal 
Table. 2 shows the peak applied voltage and peak 
energy per pulse for different reactor internal diameter, 
respectively. In this experiment, the reactors having 48.5, 
76 and 95 mm in internal diameter and a length of 210 
mm were used and SF6 gas pressure was fixed at 0.3 MPa. 
Fig. 5 shows the dependence of the NO removal ratio 
on the pulse repetition rate for different reactor internal 
diameter. It is observed from Fig. 5 that the NO removal 
ratio increased with being shorter reactor internal 
diameter. This is because that the reactor having short 
internal diameter was larger ratio of domain of discharge 
plasma compared to other reactor. 
 
Table 2. Peak applied voltage and energy per pulse for 
different reactor internal diameter. 
SF6 gas pressure, 
MPa 0.3 
Diameter, mm 48.5 76.0 95.0 
Peak voltage, kV 64 71 76 
Energy, mJ/Pulse 50.0 37.7 32.6 
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Figure 5. Dependence of NO removal ratio on the pulse 
repetition rate for reactors having different internal 
diameter. 
 
C.   Dependence of reactor length NO removal 
Table.3 shows peak voltage and energy per pulse for 
different reactor length. In this experiment, the reactors 
having 76 mm in internal diameter and a length of 210 
and 810 mm were used and SF6 gas pressure was fixed at 
0.3 MPa. 
Fig. 6 shows the dependence of the NO removal ratio 
on the pulse repetition rate for different reactor length. Fig. 
6 shows that the NO removal ratio substantially increased 
with being longer reactor. This is because that the gas stay 
time of discharge electrode was increased. 
 
Table 3. Peak voltage and energy per pulse for reactors 
having different length. 
SF6 gas pressure, 
MPa 0.3 
Length, mm 210 810 
Peak voltage, kV 71  
Energy, mJ/Pulse 62  
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Figure 6. Dependence of NO removal ratio on the pulse 
repetition rate for reactors having different length. 
 
D. Effect of O2 and water fed by bubbling on NO 
removal 
Effect of the presence of O2 and water fed by bubbling 
in the gas stream was investigated. In this experiment, the 
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content of O2 in the gas stream was adjusted to 5% and 
water fed by bubbling. This experiment, the reactor 
having 76 mm in internal diameter and a length of 810 
mm was used and SF6 gas pressure was fixed at 0.3 MPa. 
Table. 4 shows peak voltage and energy per pulse for 
different gas condition. 
Fig. 7 shows the dependence of the NO removal ratio 
on the pulse repetition rate for different gas condition. Fig. 
5 shows that the NO removal ratio substantially increased 
with the presence of O2 and water fed by bubbling into 
gas stream. This result demonstrated that the presence of 
O2 and water fed by bubbling in the gas stream was more 
effective for NO removal. This is because that OH 
radicals or O radicals ware effective for the NO removal. 
 
Table 4. Peak voltage and peak energy for respectively 
gas condition. 
SF6 gas pressure, 
MPa 0.3 
Gas composition N2/NO N2/O2/NO
Peak voltage, kV 62 53 
Energy, mJ/Pulse 51.0 50. 
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Figure 7. Dependence of NO removal ratio on the pulse 
repetition rate for different gas condition. 
 
E.   NO removal energy efficiency 
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Figure 8. NO removal energy efficiency on NO removal 
ratio. 
Fig. 8 shows the dependence of the NO removal energy 
efficiency on NO removal for all experiment in this work. 
As a result, the reactor having 76 mm in internal diameter 
and a length of 810 mm and gas condition N2/NO/O2 (5%) 
and water fed by bubbling was most highest NO removal 
energy efficiency of 2.5 mol/kWh at 60 % NO removal 
ratio. 
 
IV. Conclusion 
 
Characteristics of NO removal using the ns pulse 
streamer discharge was experimentally investigated. The 
following conclusions have been deduced. 
• Positive pulse voltage and high peak voltage was 
more effective for NO removal. 
• NO removal reactor was more effective with inner 
diameter was short and length was long. 
• O2 and water vapor in the gas stream was more 
effective for NO removal. 
• Under the best condition in this work, the NO 
removal energy efficiency of 2.5 mol/kWh was 
demonstrated at 60 % of NO removal ratio. 
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